Given that the vast majority of functional magnetic resonance imaging (fMRI) studies of drug cue reactivity use unisensory visual cues, but that multisensory cues may elicit greater craving-related brain responses, the current study sought to compare the fMRI BOLD response to unisensory visual and multisensory, visual plus odor, smoking cues in 17 nicotine-dependent adult cigarette smokers. Brain activation to smoking-related, compared to neutral, pictures was assessed under cigarette smoke and odorless odor conditions. While smoking pictures elicited a pattern of activation consistent with the addiction literature, the multisensory (odor þpicture) smoking cues elicited significantly greater and more widespread activation in mainly frontal and temporal regions. BOLD signal elicited by the multisensory, but not unisensory cues, was significantly related to participants' level of control over craving as well. Results demonstrated that the co-presentation of cigarette smoke odor with smoking-related visual cues, compared to the visual cues alone, elicited greater levels of craving-related brain activation in key regions implicated in reward. These preliminary findings support future research aimed at a better understanding of multisensory integration of drug cues and craving.
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Introduction
The rate of current adult smokers in the US is estimated at 42.1 million, approximately 18.1% of adults (Centers for Disease Control and Prevention, 2014). Although nearly 70% of adult smokers report the desire to quit, only 50% make a quit attempt and the vast majority of those (490%) relapse back to smoking (Hughes et al., 2004; Piasecki, 2006; Centers for Disease Control and Prevention, 2014) . While drug relapse has been associated with a variety of individual, social, and environmental factors (Garvey et al., 1992; Sinha, 2001; Walton et al., 2003) , previous research has demonstrated an association between craving and relapse during a smoking quit attempt (Killen and Fortmann, 1997; Shiffman et al., 1997; Herd et al., 2009) . As a result, craving has been extensively studied in both the laboratory and naturalistic setting however the precise role of craving remains a focus of debate (Wray et al., 2013) .
Cue reactivity is a well-established laboratory paradigm of drug craving (Rohsenow et al., 1994; Drobes and Tiffany, 1997 ) that generally demonstrates greater effects elicited by drug-related, than neutral cues (Carter and Tiffany, 1999) . While the cues employed in studies of drug dependence are typically drug-related visual stimuli (e.g. still pictures or video), a range of stimuli, delivered through various sensory systems, has also been shown to elicit conditioned reactions (Carter and Tiffany, 1999; Erblich and Bovbjerg, 2004; Erblich et al., 2009; Filbey et al., 2009; Yalachkov et al., 2013) . Specifically targeting the olfactory system by using isolated odors, as opposed to odors which may be a component of multisensory "in-vivo" cues (e.g. holding/smelling/viewing a cigarette), has revealed the effectiveness of odors as independent cues in eliciting craving (Grusser et al., 2000; McRobbie et al., 2008; Cortese et al., 2015) , as well as physiological responses such as increased heart rate and skin conductance (Stormark et al., 1995; Cortese et al., 2015) . Studying odor cue reactivity within the functional neuroimaging environment presents its own challenges including the use of an MRI-compatible olfactometer, a sophisticated piece of equipment that delivers precisely timed quantities 
